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© A method of producing a gaseous, hydrogen 
peroxide-containing sterilisation fluid displaying 
good, uniform sterilisation properties, by vaporisation 
of liqueform hydrogen peroxide which is injected 
intermittently in finely-divided form into an air current 
serving as vaporisation agent which is kept at a 
constant or but insignificantly varying elevated 
vaporisation temperature. 

The even vaporisation temperature of the air 
current is ensured in that the air, prior to the 
vaporisation, is heated by heat exchange with a 
heating element (11) of large mass (thermal capac- 
ity) and large heat exchange surface area which is 
kept at the de- sired elevated temperature by regu- 
lated energy supply to the heating element and 
which, during breaks in vaporisation between the 
intermittent injection of the liqueform hydrogen per- 
oxide, is heated with the aid of heat stored in the 
heating element 
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A METHOD OF PRODUCING A GASEOUS, HYDROGEN PEROXIDE-CONTAINING STERILISATION FLUID 



TECHNICAL FIELD 

The present invention relates to a method of 
producing a gaseous, hydrogen peroxide-contain- 
ing sterilisation fluid with good, uniform sterilisation 
properties, by vaporisation of liqueform hydrogen 
peroxide in a heated air current serving as 
vaporisation agent 



BACKGROUND ART 

Within packaging technology, use is often 
made of so-called aseptic packages for packing 
and transporting products which are particularly 
sensitive to bacterial attack and have short storage 
durability, for example foods and other perishable 
goods. The aseptic packages enjoy many advan- 
tages over other, non-aseptic packages: for exam- 
ple products of the above-mentioned sensitive type 
may be stored with retained or but insignificantly 
affected freshness for considerably longer storage 
times and, moreover, may be stored without the 
need for refrigeration or an unbroken refrigeration 
chain, which considerably increases and - in many 
respects - improves the distribution possibilities of 
the products involved. Fundamentally, the aseptic 
packaging technology or production of aseptic 
packages is based on the concept that a product 
which has been sterilised beforehand by heat treat- 
ment or other sterilisation methods is filled into a 
package or container likewise sterilised or pro- 
duced from a sterilised packaging material, the 
container being thereafter sealed. The entire filling 
operation is carried out in a sterile environment in 
order to avoid reinfection of the sterilised product. 
Nowadays, such production is commonly carried 
out with the aid of modem, rational packaging 
machines of the type which, for example, both 
form, fill and seal the finished packages under the 
requisite aseptic conditions. 

Using such a prior art packaging machine, 
single-use type aseptic packages are produced 
from prefabricated, creased-lined blanks of a lami- 
nated, flexible material, normally thermoplastic 
coated paper, with one or more additional layers of 
other materials than those mentioned here, in that 
the blank is first reformed into an open, tubular 
(normally square) carton which is thereafter given a 
liquid-tight bottom seal by folding and sealing to- 
gether of end portions of the carton forming its 
bottom. After the bottom sealing, which most gen- 
erally takes place in stages on a path along which 
the cartons are moved stepwise, the bottom-fitted 
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cartons are introduced in the upright state into a 
sterilisation and filling zone asepticaJly screened-off 
from the ambient surroundings, for sterilisation and 
thereafter filling and sealing in a sterile atmosphere 
5 to form finished, aseptic packages for further dis- 
tribution. 

Using another prior art packaging machine, 
similar aseptic packages are produced in funda- 
mentally the same manner as that described 

io above, the only differences being that the tubular 
cartons are first provided with an injection moulded 
plastic seal serving as the top seal for the finished 
package at the one end of the carton, and that the 
cartons thus end-sealed are thereafter sterilised, 

75 filled and bottom-sealed in the "upside-down" posi- 
tion. One example of a package produced in accor- 
dance with the first-described production principle 
is the Tetra Rex (Registered Trademark), while one 
example of a package produced in accordance with 

20 the latter production principle , is the Tetra Top 
(Registered Trademark). 

Irrespective of whether the packages are pro- 
duced according to the former or latter production 
principles, use is normally made of a gaseous, 

25 hydrogen peroxide-containing sterilisation fluid for 
sterilising the bottom-sealed or top-sealed package 
cartons ready for filling, since a gaseous sterilisa- 
tion fluid may, in comparison with a corresponding 
liqueform fluid, more readily also penetrate into and 

30 sterilise concealed spaces of the cartons, for exam- 
ple folds formed as a result of the folding operation 
in the bottom seal of the cartons. At the same time, 
the gaseous fluid is moreover easier to ventilate off 
after completed sterilisation and prior to the filling 

35 operation. Furthermore, the gaseous sterilisation 
fluid enjoys that advantage that it wholly eliminates 
the risk of so-called edge-absorption in the cut 
edges of the cartons which show a ready tendency 
to suck up liquid and thereby render complete 

40 driving-off of hydrogen peroxide more difficult if not 
impossible. In order to preclude the risk of accom- 
panying residual amounts of hydrogen peroxide 
arising out of such edge absorption, it is crucial 
that the gaseous sterilisation fluid be kept, through- 

45 out the entire sterilisation process, at a temperature 
which exceeds the dewpoint of the hydrogen per- 
oxide, approximately 70°C, which implies that the 
package cartons must be heated to and kept at a 
temperature well above this dewpoint, normally ap- 

so proximately 80°C, on contact with the sterilisation 
fluid in the sterilisation zone. 

An efficient hydrogen peroxide-containing 
sterilisation gas which is employed in sterilisation 
of packaging materials or package cartons for pro- 
ducing aseptic packages consists of an 
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air/hydrogen peroxide mixture heated to approxi- 
mately 120°C and containing approximately 25 g of 
hydrogen peroxide per 1 kg of air. Already after a 
very brief sterilisation time, of the order of 1 sec- 
ond, such a mixture gives a sterilisation result 
which fully satisfies the sterilisation requirements 
placed on aseptic packages. 

A gaseous, hydrogen peroxide-containing 
sterilisation fluid of the above-considered type is 
produced, according to one prior art method, by 
spraying finely-divided, liqueform hydrogen perox- 
ide onto a heated metal surface for vaporisation of 
the hydrogen peroxide, and then combining and 
mixing the vaporised hydrogen peroxide with a 
regulated, heated air current This prior art method, 
which utilises heat transfer from a solid surface to 
the liqueform hydrogen peroxide, entails that the 
metal surface is gradually coated with impurities, 
for example stabilizers normally employed in 
liqueform hydrogen peroxide which, at high tem- 
peratures, act as catalysts for hydrogen peroxide 
degradation and contribute to a portion of the hy- 
drogen peroxide being degraded and destroyed on 
vaporisation. 

However, the problem inherent in "catalytic" 
degradation of hydrogen peroxide may be avoided 
by instead carrying out the vaporisation of the 
liqueform hydrogen peroxide using heated air as 
the heat transfer medium, and one prior art method 
which operates according to this vaporisation prin- 
ciple is based on the concept that the air intended 
for the vaporisation process is heated by heat 
exchange with a heating body heated electrically or 
by other means prior to the mixing operation with 
the liqueform hydrogen peroxide injected into the 
heated air current. This prior art method results in 
a gaseous hydrogen peroxide-containing sterilisa- 
tion fluid with good sterilisation capability as long 
as it is carried out continuously, i.e. without any 
recurring interruptions. On the other hand, it has 
proved to function less satisfactorily - or defy 
problem-free execution - in those cases when, for 
one reason or another, it has been desirable to 
discontinue production from time to time for recur- 
ring downtimes of longer or shorter duration. As a 
rule, the sterilisation gas produced by intermittent 
vaporisation of the liqueform hydrogen peroxide 
has displayed extreme temperature variations and, 
hence, varying sterilisation capability, which has 
occasionally even been so poor that it has proved 
difficult or impossible to meet the requisite 
sterilisation standards. In order to ensure the de- 
sired sterilisation result in sterilisation of, for in- 
stance, package cartons which are to be filled with 
sterile contents, It has hitherto been a matter of 
necessity or expediency to produce the gaseous 
sterilisation fluid continuously throughout the entire 
sterilisation process, which has entailed that, for 



example, the fluid produced between two mutually 
subsequent carton sterilisations (and & priori to 
some extent superfluous) is wasted. By the same 
token, the fluid produced continuously during the 
s ventilation of the sterilised cartons has also con- 
stituted an unneccessary excess production and an 
economic loss factor. 



70 OBJECTS OF THE PRESENT INVENTION 

One object of the present invention is, there- 
fore, to propose a method for producing a gaseous 
hydrogen peroxide-containing sterilisation fluid 

75 which, analogous with the last-described prior art 
method, is based on the concept of vaporising the 
liqueform hydrogen peroxide using heated air as 
the vaporisation agent but which, as opposed to the 
prior art method, can also be carried out intermit- 

20 tently while retaining the good sterilisation prop- 
erties of the intermittently produced fluid. 

A further object of the present invention is to 
propose a method of the above-mentioned type 
which may readily be reduced into practice on 

25 sterilisation of mutually subsequently conveyed 
package cartons or other objects without any part 
of the produced sterilisation fluid becoming super- 
fluous and going to waste. 

30 

SOLUTION 

These and other further objects are attained 
according to the present invention in that the meth- 

35 od described by way of introduction is charac- 
terised in that the air current intended for the 
vaporisation process is heated to and kept at a 
constant or substantially constant elevated 
vaporisation temperature prior to the vaporisation of 

40 the liqueform hydrogen peroxide. 

Since the air current is, on each vaporisation 
occasion, kept at such a constant elevated 
vaporisation temperature (which has hitherto 
proved difficult to ensure without the use of a 

45 complex temperature and energy regulation ap- 
paratus), the requisite preconditions are created for 
the gaseous fluid produced throughout the entire 
production process to obtain a uniform or but in- 
significantly varying temperature and, coinciden- 

50 tally, the sought-for uniform and good sterilisation 
properties even if production is carried out with 
recurring brief or lengthy interruptions in the 
vaporisation of the liqueform hydrogen peroxide. 
According to one particularly preferred embodi- 

55 ment of the method according to the present inven- 
tion which may readily be reduced into practice, 
the vaporisation air is heated to and kept at the 
desired uniform vaporisation temperature in that it 
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is caused to flow in direct contact with the heat 
transfer surface of a heating element of large mass 
(thermal capacity) and large heat exchange surface 
area which is heated electrically or by other means. 
The heating element may consist of aluminium or s 
other material with superior thermal capacity which 
is capable of storing large amounts of thermal 
energy and, thus, does not require continuous en- 
ergy supply to be kept sufficiently hot for the 
desired heating of the air current Since, further- io 
more, at least a portion of the thermal energy 
stored in the heated heating element contributes in 
keeping the heat exchange surface of the heating 
element sufficiently hot for the desired heating of 
the air, it will be a simple matter to regulate the is 
supply of thermal energy to the heating element 



BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 20 

The nature of the present invention and its 
aspects will be more readily understood from the 
following brief description of the accompanying 
Drawings, and discussion relating thereto. 2s 
In the accompanying Drawings: 
Figs. 1-3 schematically illustrate an apparatus 
for producing and using a gaseous, hydrogen 
peroxide-containing sterilisation fluid for sterilis- 
ing objects intermittently conveyed in mutual 30 
sequence. 

Since Figs. 1-3 illustrate the same apparatus, 
the apparatus will be described collectively with 
reference to all Figures at the same time, and - for 
purposes of clarity - the same reference numerals 35 
will be employed throughout for identical apparatus 
parts. 



DESCRIPTION OF PREFERRED EMBODIMENT 40 

The system illustrated in Figs. 1-3 comprises a 
unit (carrying the generic reference numeral 1) for 
intermittent production of a gaseous, hydrogen 
peroxide-containing sterilisation fluid, and an ap- 45 
paratus (carrying the generic reference numeral 2) 
for sterilising objects 3 which are conveyed in 
mutual sequence on a conveyor belt 4 intermit- 
tently driven in the direction of the arrow A. The 
objects 3 may, for instance, be package cartons of so 
the type described above and which are intended, 
after sterilisation, to be filled with sterile contents 
and thereafter sealed under aseptic conditions for 
the formation of so-called aseptic packages. While 
this description will hereinafter refer to the sterilisa- 55 
tion of such package cartons, this should not be 
perceived as a restriction of the present invention 
which, in its broad scope, may naturally just as well 



be employed for the sterilisation of any other type 
of object which is to be sterilised under intermittent 
conditions. 

The unit 1 includes a preheater 7 provided with 
an inlet 5 and an outlet 6, the preheater being in 
communication, via the inlet 5, with a conduit 8 for 
incoming filtered air. The preheater 7 is connected 
to a heat exchanger element 11 fitted with an inlet 
9 and outlet 10, respectively, the inlet 9 being in 
communication, via a conduit 13, with a conduit 12 
connected to the outlet 6 of the pre heater 7. A 
conduit 14 leads from the outlet 10 of the heat 
exchanger element 11, the conduit 14 being con- 
nected to the inlet of a vaporisation chamber 17 
fitted with an inlet 15 and outlet 16, a pipe 18 
discharging into the vaporisation chamber for regu- 
lated supply (with the aid of a valve 19 in the pipe 
18) of liqueform, preferably finely-divided hydrogen 
peroxide. 

The conduit 12 connected to the outlet 6 of the 
preheater 7 is further connected, by the inter- 
mediary of an adjustable valve 20, to the inlet of a 
sterile filter unit 23 fitted with an inlet 21 and outlet 
22. The sterile filter unit 23 is in communication, 
through a conduit 24 connected to the outlet 22, 
with a conduit 25 which in its turn is connected to 
the outlet 16 of the vaporisation chamber 17 and 
which is provided with an adjustable valve 26 be- 
tween the outlet 16 of the vaporisation chamber 
and the communication with the conduit 24. 

According to the present invention, the heat 
exchanger element 11 is of large mass (thermal 
capacity) and displays large heat exchange surface 
area and may, for instance, consist of aluminium or 
other material of superior thermal capacity with a 
capability of storing large volumes of thermal en- 
ergy, as has been mentioned above. The heat 
exchange surface of the heat exchanger 1 1 is kept 
at the desired uniform, elevated temperature by 
regulated heating of its large mass, either elec- 
trically or by other means, for example by super- 
heated steam in a per se known manner. 

The apparatus 2 comprises a housing 30 di- 
vided up into discrete chambers or zones 27-29, 
the housing being provided with an inlet 31 and 
outlet 32 of the gate type for intermittent convey- 
ance of the package cartons 3 stood on end on the 
conveyor belt 4 in sequence through the chambers 
or zones 27-29 in the housing 30. 

The chamber 27 has an inflow pipe 33 and 
outflow pipe 34 for the throughflow of hot fluid, eg. 
air, for heating the package cartons 3, while the 
chamber 28 is connected to the conduit 25 of the 
unit 1 and is provided with an outflow pipe 35 for 
making possible a throughflow of fluids necessary 
for the sterilisation process. 

The chamber 29 is provided with a filler pipe 
36 discharging therein for filling sterile contents 
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into the sterilised package cartons. A suitable de- 
vice (not shown) is further provided in the chamber 
29 for aseptic sealing of the filled package cartons 
prior to discharge through the gate outlet 32. 

According to the present invention, the proce- 
dure is as follows for producing the gaseous, hy- 
drogen peroxide-containing sterilisation fluid for 
sterilising the package cartons 3 employing the 
system described herein and shown on the Draw- 
ings. During the sterilisation (Fig. 1) of a package 
carton 3 fed into the sterilisation chamber 28, the 
valve 20 in the conduit 12 is closed, while the other 
valves included in the system, i.e. valves 19 and 
26, are open. Filtered air incoming through the 
conduit 8 is preheated in the preheater 7 to ap- 
proximately 90°C and is led via the conduit 13 into 
the heat exchanger element 11 where ft is brought 
into contact with the heat exchange surface heated 
to approximately 400°C for heating to the desired 
elevated vaporisation temperature, of the order of 
360°C. The thus heated air is withdrawn from the 
heat exchanger element 11 through the outlet 10 
and is led through the conduit 14 into Ihe vaporisa- 
tion chamber 17 for intermingling with and 
vaporisation of the liqueform hydrogen peroxide 
fed in finely-divided form through the conduit 18, 
for the formation of the finished gaseous, hydrogen 
peroxide-containing sterilisation fluid at the desired 
uniform or but insignificantly varying temperature 
and thereby possessing good, uniform sterilisation 
properties. The thus obtained sterilisation fluid, 
which is at a temperature of approximately 120°C 
and has a hydrogen peroxide content correspond- 
ing to approximately 25 g of hydrogen peroxide per 
kg of supplied air, is withdrawn from the vaporisa- 
tion chamber 17 and led via the conduit 25 into the 
sterilisation chamber 28 for sterilisation of the 
above-mentioned package carton 3. Spent sterilisa- 
tion fluid is continuously removed from the cham- 
ber 28 through the outflow pipe 35 throughout the 
entire sterilisation period. After completed sterilisa- 
tion (Rg. 2), which takes roughly 1 second, the 
supply of liqueform hydrogen peroxide is arrested, 
in that the valve 19 in the conduit 18 is closed, at 
the same time as the communication between the 
vaporisation chamber 17 and the sterilisation cham- 
ber 28 is broken by closure of the valve 26 in the 
conduit 25. The valve 20 in the conduit 12 is 
opened, whereby the air heated to approximately 
90°C in the preheater 7 is allowed into the sterile 
filter unit 23 in which it is caused to pass through a 
sterile filter of per se known type for separation of 
any micro-organisms which may possibly be 
present in the air. The filtered air is withdrawn from 
the sterile filter unit 23 through the conduit 24 and 
is introduced, via the conduit 25, into the chamber 
28 for ventilation and driving-off of residual 
sterilisation fluid after the sterilisation process prop- 



er, through the outflow pipe 35. The ventilation 
continues for approximately 0.5 seconds, 
whereafter the sterilised and ventilated package 
carton 3 is displaced by means of the conveyor 

5 belt 4 into the chamber 29 for filling with sterile 
contents through the filler pipe 26 (Rg. 3). During 
this displacement, the immediately subsequent 
package carton 3 preheated in the chamber 27 is 
conveyed simultaneously into the sterilisation 

io chamber 28, the above-described sterilisation and 
ventilation cycle being repeated in that the valve 20 
in the conduit 12 is closed and the valves 19 and 
26 in the conduit 18 and the conduit 25, respec- 
tively, are opened for the supply of gaseous 

is sterilisation fluid, freshly produced in the vaporisa- 
tion chamber 17, to the chamber 28. The proce- 
dure is thereafter accordingly repeated in sequence 
for the remaining following package cartons on the 
conveyor belt 4 which conveys the cartons through 

20 the housing 30 in synchronised step with the 
above-mentioned sterilisation and ventilation in the 
chamber 28 and subsequent aseptic filling and 
sealing in the chamber 29 for the formation of 
finished aseptic packages progressively discharged 

25 through the gate outlet 32. 

Given that the heat exchanger element 11 has 
large thermal capacity and large mass, respec- 
tively, the energy supplied for heating the heat 
exchange surface of the heat exchanger element 

30 may be discontinued or regulated during the 
above-described ventilation period without any risk 
of undesirable cooling of the heat exchange sur- 
face or excessive heating of the air waiting in the 
heat exchanger element since the heat exchange 

35 surface will, during the discontinued or regulated 
supply of energy, be reliably maintained at the 
desired even temperature by heating from the heat 
stored in the heat exchanger element. It will there- 
by be ensured in the method according to the 

40 present invention that the air heated in the heat 
exchanger element is kept at a constant or in any 
event insignificantly varying vaporisation tempera- 
ture when it departs from the heat exchanger ele- 
ment and is fed into the vaporisation chamber 17, 

45 even if production of the gaseous, hydrogen 
peroxide-containing sterilisation fluid were to be 
carried out with very frequently recurring interrup- 
tions, be they brief or lengthy, in the supply of the 
liqueform hydrogen peroxide. 

50 Thus, according to the present invention it is 

possible, employing simple, easily regulated equip- 
ment, to produce a gaseous, hydrogen peroxide- 
containing sterilisation fluid at an ensured uniform 
or but insignificantly varying temperature, and with 

55 coincidental^ stable, good sterilisation properties 
for efficient sterilisation of package cartons or other 
intermittently conveyed objects, without any part of 
the produced fluid needing to go to waste. 
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The present invention should not be consid- 
ered as restricted to that described in the foregoing 
and shown on the Drawings, many modifications 
being conceivable without departing from the spirit 
and scope of the appended Claims. 5 



Claims 

1. A method of producing a gaseous, hydrogen 10 
peroxide-containing sterilisation fluid with good, 
uniform sterilisation properties, by intermittent 
vaporisation of liqueform hydrogen peroxide in a 
heated air current serving as vaporisation agent, 
characterised in that the air current intended for 75 
the vaporisation is heated to and kept at a constant 

or substantially constant elevated vaporisation tem- 
perature. 

2. The method as claimed in Claim 1, charac- 
terised in that the liqueform hydrogen peroxide is 20 
injected in finely-divided form into the heated air 
current 

3. The method as claimed in Claim 1 or 2, charac- 
terised in that the air current intended for the 
vaporisation is heated to the desired vaporisation 25 
temperature by heat exchange with a heating ele- 
ment (11) of large mass or thermal capacity and 
large surface area. 

4. The method as claimed in Claim 3, charac- 
terised in that the air current is caused to flow in 30 
direct contact with the surface of the heating ele- 
ment 

5. The method as claimed in Claim 3 or 4, charac- 
terised in that the heating element (11) is kept at 

a constant or substantially constant elevated tern- 35 
perature by regulated heat supply by electric or 
other means, for example by means of super- 
heated steam. 

6. The method as claimed in any one of Claims 1 

to 5, characterised in that said air current consists 40 
of air continuously aspirated in from the ambient 
atmosphere, filtered and preheated prior to the final 
heating to the desired vaporisation temperature. 

7. The method as claimed in any one of Claims 2 

to 6, characterised in that injection of the 45 
liqueform hydrogen peroxide is discontinued during 
the vaporisation interruptions. 
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